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THESlS ABSTRACT 
Reinert, Kenneth F. 1962. Forecasting wheat and grass yields from climatic 
factors. 
A study of the factors of climate and their relation to wheat and 
short grass yields was conducted at Hays, Kansas. Statistical correlations 
were made between the elements of the climate and wheat and short grass 
yields, also correlations between elements of the climate. A 22-year 
period was used for forecasting short grass yields and a 30-year period 
for wheat. 
[ n the study, September temperature, spring temperature and spr i ng 
precipitation, all showed a significant correlation when compared statis-
tically to short grass yields. Sep t ember temperature was the only element 
of fall climate that showed a significant amount of correlation when com-
pared to the following year's grass yields. September temperatures can 
accurately be used to forecast average short grass production nearly a 
year prior to harvesting. 
Spring temperature and spring precipitation accounted for 75 percent 
of the variability in short grass yields. 
When comparing September and May soil moisture data to short grass 
yields, no correlation existed in the study at Hays, Kansas. 
A highly significant negative correlation existed between temperature 
and precipitation at Hays, Kansas. 
Spring temperature, fall precipitation and September precipitation, 
all showed a significant correlation when compared statistically with 
wheat production. Fall precipitation, approximately at the time of 
planting, can accurately be used to forecast average wheat production. 
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FORECASTING WHEAT AND GRASS YIELDS FROM CLIMATIC FACTORS 
lNTRODUCTION 
Study of the factors of climate and their relation to wheat and grass 
yi e lds was conducted at Hays, Kansas. One of the earliest atte~pts to 
es t imate a crop yield from the weather was in 1874, when the Governor of 
the Barbados l.slands showed that the size of the sugar crop was related 
to the rainfall of the preceeding season (Brooks, 1922). 
Oosting (1958) describes climatic factors as components of the atmos-
phere and related phenomena - wind, precipitation and radiant energy 
both as 1 ight and heat. Hi ldreth et~- (1941) state that the most impor-
tant climatic factors are temperature, precipitation and light. Other 
elements of climate are less important to production although wind in-
creases the water requirements and local hailstorms may damage plants. 
Elements of the climate are variable-, especially in the Great Plains. 
In this study, only temperature, precipitation and soil moisture were 
used to show a possible correlation with production. 
Several attempts to correlate weather and yield have been made since 
1874. Statistical methods provide a means of segregating different 
factors of the climate and of relating a given factor to yields by using 
regression lines and correlations. 
When making statistical correlations between elements of the climate 
and yield, it is not always possible to account for all the variability 
in production as influenced by climate. This is due to such factors as 
insects, disease, hail and improvements in agricultural methods. 
An accurate method of predicting wheat and grass production would 
certainly be of major importance to the agriculturist and cattle rancher, 
especially if the predicting could be done a year ahead of time so that 
the agriculturist could make adjustments in farming practices and the 





Grass Production: Production data from 1939 to 1961 were obtained 
from Fort Hays Kansas State College, Hays, Kansas. Grass yields were 
obtained by clipping the grass once each month during the spring and 
summer. Clippings were taken from square meter exclosures, air-dried, 
weighed in grams, and were converted to pounds per acre. 
The monthly clippings were added and a yearly total of pounds per 
acre was computed. Only yields from the short grass habitat were used 
in the present study. Characteristics of this area are a more or less 
flat, upland topography consisting primarily of two perennial grasses, 
blue grama (Bouteloua gracilis) and bu f falo grass (Buchloe dactyloides). 
Climatic Data: The climatic data were obtained from the monthly 
weather bulletins, published by the Weather Bureau, Department of Com-
merce. Monthly averages for temperature and precipitation were used in 
all calculations. Records for temperature and precipitation cover a longer 
period of time than do any of the other elements of the climate; therefore, 
only these two elements of the climate were used. Monthly averages seem 
to be more important than the daily fluctuations and importance of day by 
day variations is reduced when comparing a number of years. 
Annual average temperature and precipitation were not used in the 
analysis since fall and spring temperature and precipitation are more 
influential to growth and production of grass than annual averages. The 
Western Livestock Marketing Research Committee (1961) and Jenkins (1941) 
reported that annual temperature and precipitation had less influence on 
production than fall and spring temperature and precipitation. 
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Soil Moisture: Soil moisture records were obtained from Fort Hays 
Kansas State College. The college has collected soil moisture data from 
1933 through 1961 with the exception of 1936. Only data from 1938 through 
1960 were used in the present study in an attempt to correlate the data 
with grass yield. 
Soil moisture determinations were made at least once a month from 
April through September. Available soil moisture tests were taken at six 
.intervals to a depth of five feet. Only data pertaining to September 
and May were used in this study. 
Statistical Analysis: Statistical correlations were made between the 
elements of the climate and grass yields. Fall and September average 
temperatures, precipitation records and soil moisture data were compared 
statistically with grass yields of the spring and summer of the following 
year. Thus, the correlation coefficient· would provide a means of predic-
ting grass production nearly a year in advance. 
ln all cases the correlation coefficient (r value) and the r 2 value 
were obtained by appropriate statistical procedures (Dixon and Massey, 
1957). The probability of obtaining a significant relationship between 
climate and production was determined by using appropriate statistical 
tables (Little, 1961). If the correlation coefficients were not signifi-
cant at the 90-percent level of confidence, they were considered as being 
not precise enough for use in accurately predicting grass yields. 
5 
Wheat 
· Wheat Production: Average bushels of wheat per acre for E11 is County, 
Kansas, were obtained from statistical data pub1 ished annually by the State 
Board of Agriculture and considered to be the most accurate data available 
covering a long period of time . Data used were for the years 1931 through 
1960 . 
Climatic Data: Climatic data were obtained from the monthly weather 
bul letins, pub1 ished by the Weather Bureau, Department of Commerce. Data 
used were for the years 1931 through 1960. Monthly averages for tempera-
ture and precipitation were used in a11 calculations. 
Statistical Analysis: Statistical correlat ions were made between the 
elements of the climate and wheat yields. Fall and September average 
temperatures and precipitation records were compared statistical l y with 
the wheat yields of the spring of the following year. Thus, the corre-
lation coefficient would provide a means of predicting wheat production 
approximately at the time of planting. 
ln a11 cases the correlation coeffic ~ent (r value) and the r 2 value 
were obtained by appropriate statistical procedures (Dixon and Massey, 
1957). The probability of obtaining a significant relationship between 
climate and production was determined by using appropriate statistica l 
tables (Little, 1961). l f the correlation coefficients were not signifi-
cant at the 90-percent level, they were considered as being not precise 
enough for use in accurately predicting wheat yields. 
RESULTS 
Short Grass Yields 
All grass yield correlations that were computed and the level of signifi-
cance of each is listed in Table l. If the correlations were not significant 
at the 90-percent level of confidence, they were said to be of no signifi-
cance for forecasting grass production. Only the correlations of spring 
temperature, fall temperature, September temperature, total fall and spring 
temperature, spring precipitation and total fall and spring precipitation 
were significant at the 90-percent level of confidence or above. 
Grass Yields and Temperature: Weaver and Clements (1933) state that 
temperature is like water in its action upon plants in that temperature 
has an influence, directly or indirec tly, on nearly every function of a 
plant, but as an environmental factor and not as a portion of the 1 iving 
body. 
ln the study conducted in the Hays area, temperature was the most impor-
tant element of the climate in influencing the yield of short grass. Not 
only in the Hays area is temperature the most important element, but also 
in other areas as reported by several authors. Sprague (1944) and Duley 
and Coyle (1955) state that rainfall is only one factor influencing pro-
duction. Temperature is often the most important factor in the effective-
ness of rainfall. Brown (1939) reported a close relationship between 
growth of pasture grasses in Missouri and temperature, also between absorp-
tion of water and minerals and temperature. 
Table l. Comparison of short grass yields with environmental 
factors studied and the level of significance of each. 
WHEAT YIELD CORRELATIONS 
FACTOR STUDIED CONFIDENCE LEVEL OF SIGNIFICANCE 
.90 .95 . 99 . 999 
Spring Temperature X 
Fall Temperature No Significance 
/" 
Sept . Temperature No Significance 
Total Fall and Spring 
Temperature X 
Spring Pr ecipitation No Signi ficance 
Fall Precipitation X 
Sept. Precipitation X -




Average short grass production and average spring and fall temperatures 
are presented in Figures 1 and 2. 
In studies conducted at Hays the highest correlation between tempera-
ture and yield was obtained during the spring months March, April, May and 
June (Fig. 2). 
The relationship between average spring temperatures and average short 
grass yield appears obvious. The correlation was r= 0.75 and r2= 0.56 
(Fig. 3). Therefore, 56 percent of the variation in short grass yield was 
caused by variation in spring temperature. Figure 3 can accurately be used 
for predicting short grass yield, but the period of time is not long enough 
prior to time of the grazing period to be of much use to the cattle rancher 
i,n making adjustments in his cattle operations. The chart is important, 
however, in showing the close relationship existing between spring tempera-
ture and production of short grass. 
ln order to provide a means of predicting yields in sufficient time 
so that a rancher might adjust his grazing management, the relationship 
between September mean temperature and the'following years production was 
studied. The correlation coefficient was r= 0.46 and proved to be signifi-
cant at the · .95 confidence level of probability (Fig. 4). Such information 
is particularly valuable in that it can be used to forecast short grass 
production nearly a year prior to harvesting of the grass crop. September 
temperature was the only element of fall climate preceeding the harvesting 
of grass that was significantly correlated with grass production. 
As shown by Figures 3 and 4, the time of the high or low temperatures 
has an important effect upon the production of grass. Temperatures of 
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Figure 2. Average spring (March, April, May and June) and fall 
(August, September and October) temperatures for years 1931 to 















r= • 75.,.. 
Y= 37 -7b (53) 
Y= 8 .oo (61 ) 
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SHORT GRI.SS YIELD IN HUNDREDS OP POUNDS PER ACRE 
Figure 3. Short grass yields statistically compared to average 
spring temperature. The equation for the regression l i ne is 
Y= 234.8 + -3.72(X). The fiducial 1 imits used were at the five 
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Y= 14. 06 (75) 
20 .22 24· 26 28 30 32 34 36 38 40 42 44 4~ 4~ ; 
SHORT GRASS YIELD IN HUNDJEDS OF POUNDS 
Figure 4. September average temperature compared statistically 
with short grass production of the following year. The regres-
sion line was computed from the following formula Y= 125.8 + 
-l.49(X). The fiducial I imits used were at the five percent 
]eve I. 
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production at Hays, Kansas, accounting for 77 percent of the variability 
in short grass yields. 
This variability in grass yields and climatic elements from one year 
to the next can be seen easier by looking at Figures 1, 2 and 5. 
[n all correlations made, a negative correlation existed between 
short grass production and temperature; for each unit decrease in tem-
perature, grass yields increased three to four hundred pounds per acre. 
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Grass Yields and Precipitation: Precipitation or water influences 
almost every factor in the growth and production of plants and ranks 
closel y with temperature in importance at Ha ys. Precipitation's main 
functi on is to replenish the moisture in the soil so that it is available 
for plant growth. 
As with temperature, precipitation is most variable ranging from a 
high of 43.3 inches in 1951 to a low of 9.2 inches in 1956. Fluctuations 
in fall and spring precipitation for 30 years are pictured in Figure 5. 
In the study conducted only spring precipitation proved to be of any 
value in forecasting grass production (Fig. 6). Spring precipitation had 
a correlation coefficient of r= 0.44 which is significant at the 95-
percent level of probability. Combined variation in spring prec ipitation 
and spring temperature accounts for 76 percent of the variability in grass 
yield. The level of significance of each correlation can be seen in Table I. 
Grass yield predictions as with temperature can also be obtained by 
spring precipitation, but the period of time is not long enough prior to 
harvesting of the grass crop to be of much use to the cattle rancher. 
Spring temperature and precipitation make up 75 percent of the variation 
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Figure 5. Average fall (August, September and October) and 
spring (March, April, May and June) precipitat ion for years 
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r = . 44.I ,a. 
Y= 15.02 (1.0) 
Y= )4.87 (6 . 0) 
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SHORT GRASS YIELD IN HUNDREDS OP POUNDS PER ACRE 
Figure 6. Short grass yield in hundreds of pounds per acre com-
pared statistically with spring precipitation at Hays, Kansas. 
The regression line was computed from the following formula Y= 




The information obtained in making precipitation correlations indi-
cates the time that precipitation falls is of major importance to the pro-
duction of grass. 
Fink and Lantis (1911), Flory (1936) and Jenkins (1941) state that 
the time precipitation falls is much more important to growth and pro-
duction than the total or annual amount. The amount of rainfall during 
and immediately preceeding the growing season seems to have the most 
important influence on the production of short grass. 
Albertson et al. (1957) state that it is evident in the Great Plains 
that drought occurs at fairly regular intervals, and man can alleviate 
its destructive effect by proper management. One of the first effects 
of drought is decreased growth. The same was found to be true in the 
present study; with periods of prolonged drought the short grass produc-
tion was greatly reduced or sometimes even short periods of drought such 
as occurred in 1956 . 
In all precipitation-grass yield relationships studied, a positive 
correlation existed between short grass production and precipitation. 
In other words as precipitation increased i grass production increased. 
For each one-half inch increase in spring precipitation, grass production 
increased about 300 pounds per acre on the average. 
Grass Yields and Soil Moisture: Soil moisture has been considered by 
several reliable authors as being the most important factor in crop pro-
duction and in forecasting crop yields. Hallsted and Mathews (1936), 
Wadleigh (1 955) and Weaver and Himmel (1931) found a close correlation 
between soil moisture and plant growth and concluded that soil moisture 
was one of the most important factors in a plant•s growth and production. 
-
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Eisels (1938) stated that a close relationship exists between weekly rain-
fall of the four seasons and fluctuations in available soil moisture. 
When comparing soi] moisture data to short grass yields, no correlation 
existed in the study at Hays. There was some correlation between grass 
yields and May soil moisture at a depth of five feet, but the coefficient 
was considered as being not significant since the probabi] ity was less 
t han 90 percent. The correlations made and their ]eve] of significance 
between soil moisture and grass yields can best be seen in Table I. 
Temperature and Precipitation Correlations 
A highly significant negative correlation exists between temperature 
and precipitation; as temperature increases precipitation decreases 
(Table ll). The coefficients were both significant at the .99 confidence 
level of probability. This was true both in the spring and fall. 
Wheat Yields 
Wheat Yields and Temperature: Wheat yields in bushels per acre varied 
considerably in Ellis County, Kansas, for the years 1931 through 1960 
(Fig. 7). The temperature was also variable, and, at certain times of 
the year, a close correlation exists between wheat yield and temperature. 
Variability in temperature, as presented in Figure 2, is necessary for 
the proper growth and development of winter wheat. Wheat seems to require 
a period of low temperature during germi~ation and early seed] ing stages 
in order for later stages of development to be normal. Winter wheat sown 
in the spring will not produce seed but, if seed is partly germinated and 
held from one to two months at temperatures around freezing and then 
spring sown, a grain crop will be produced (Daubenmire, 1947). 
Spring temperature in Ell is County is much more important to wheat 
production than fall temperature. Wheat yield as related to spring tem-
perature showed a very high degree of correlation, r= 0.456 which was 
significant at the .99 level of probability (Fig. 8). Accurate predictions 
Table ll. Correlation of fall and spring temperature with pre-
cipita t ion at Hays , Kansas, with the level of significance f or 
each . 
TEMPERATURE AND PREC I PI TATION CORRELATIONS 
FACTOR STUDIED CONFIDENCE LEVEL OF SIGNIFI CANCE 
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Figure 7. Average bushels of wheat per acre for Ell is Coun t y, 
Kansas, for years 1931 to 1961, inclusive. For a 30-year period 
t he average production was 12.1 bushels per acre. 
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r = -456= 
Y• 17. 76 (53) 
Y= 9.36 (60) 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 
Wheat Yield 
F i gure 8. Average March, April, May and June temperature as 
re lated to and as it affects wheat yields. The equa ti on f or 
t he regression line is Y= 81.3 -11- -1.20(X). The f iducial lim it s 
used were at the five percent level. 
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of wheat yield based on spring temperature can be made from such data but 
only just prior to the time of harvest. 
It is common knowledge in this area that high temperatures, especially 
if accompanied by hot winds, when wheat is at the heading stage or between 
heading and ripening, may seriously interfere with its growth and develop-
ment, resulting in shrunken grain of low test weight and yield. The data 
of the present study indicate that whenever wheat yields are low the 
average spring temperature is high. 
No correlation was found between fall temperature and wheat production 
of the fol lowing year. 
Wheat Yields and Precipitation: The most important role of precipi-
tation in wheat production is to replenish the moisture supply in the 
soil since moisture is most commonly the I imiting factor in production. 
Many basic farm practices in Ellis County are based on conservation of 
available water. 
Not all precipitation is equally effective in increasing soil moisture. 
The slower and more gentle rainfall will increase the amoun t of water that 
soaks into the soil, and the greater the ,i ntensity and cluration of rainfa l l 
the greater the amount of water lost by runoff. Often, too much precipi-
t ation is a hindrance rather than a help to wheat production in Ellis 
County. As an example in 1951, one of the wettest years on record, the 
average wheat production was only 12.2 bushels per acre which was the same 
as the 30-year average for the county. 
To farmers everywhere, low precipitation or drought is a serious 
matter. High temperatures usually accompany low rainfall in drought years, 
thus intensifying the soil-plant-moisture relationships. In addition, 
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lower relative humidity, increased evaporation and higher wind velocities 
accompany drought. All of these tend to accentuate the difficulties of 
wheat production during drought periods. 
Fall precipitation is as important to wheat production in Ell is County 
as spring temperature, both factors together accounting for 38 percent of 
the variability in wheat yield (Fig. 9). 
The time of year that precipitation falls is a critical factor in the 
growth and yield of wheat. Data of the present study indicate that the 
most critical time for precipitation is the fall of the year. No statis-
tically significant correlation existed between spring precipitation and 
yield of wheat. September precipitation also showed a significant cor-
relation with wheat production but only at the .90 probability level. 
September is approxi mately the time of wheat planting in Ell is County, and 
a close relationship between September precipitation and yield can be 
expected. 
All the correlations attempted involving factors of the climate and 
wheat yields are presented in Table lll. 
Wheat Yields and Hail: Damage to wMeat from hail occurs somewhere 
every year, but losses are largest in the midwestern states. ln local 
areas loss is occasionally complete. Losses can be judged by the amount 
of hail insurance written. 
The amount of damage done by hai 1 to wheat depends upon the time of 
year the hail falls. ln wheat the critical stage is just before harvesting. 
Frequency of hail is influenced mostly by elevation and becomes evident 
when comparing hail insurance rates to elevation above sea level. As the 
elevation increases, the frequency of hail increases. The Cimarron In-
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Figure 9. Average wheat yield in bushels per acre as related 
t o average fall precipitation in inches. The equation for the 
regression 1 ine is Y= 6.08 + 2.80(X). The fiducial 1 imits used 
were at the five percent level. 
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Table Ill. Climatic factors and significance of correlation with 
whea t yields in Ell is County, Kansas, for a 30-year period. 
GRASS YIELD CORRELATIONS 
FACTOR STUDI ED CONFIDENCE LEVEL OF SIGNIFICANCE 
. 90 . 95 . 99 . 999 
Spring Temperature X 
Fal l Temperat ure X 
Sept . Temperature X 
Total Fall and Spring 
Temperature X 
Spring Precipitation X 
Fall Pr ec i pitation No Significance 
Sept. Precipitation No Significance 
Total Fall and Spring 
Pree ipita t i on X 
Sept . Soil Moisture 
0 - 2 F t . No S i gnificance 
Sept. Soil Moisture 
0 - 5 Ft. No S i gnificance 
May Soil Moisture 
No S i gnif icance 0 - 2 F t . 
Ma y Soil Mois ture 
0 - 5 Ft . No S i gnificance 
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surance Co., Cimarron, Kansas, (1961) 1 states that, whenever it rains in 
western Kansas after May 1st to 15th, hail usually accompanies the rain. 
Such predictions are based on long-term records necessary to a successful 
insurance firm. 
Wheat Yields and Other Factors: Only 47 percent of the variability 
in wheat yields were accounted for in the present study. The remainder 
of the variability is due to causes other than temperature and precipita-
tion. Federal Crop Insurance Corporation, U. S. Department of Agriculture, 
has offered wheat insurance in Ell is County since 1939 through the present 
with the excepti ons of 1945, 1948 and 1949 for all possible causes of 
loss except losses due to neg] igence on the wheat producer ' s part. From 
20 year' s experience in Ell is County, Federal Crop Insurance Corporation 
have records of production losses and causes of loss. The cause of loss 
is reported on appropriate claim forms that the producer completes and 
signs. The result of Federal Crop Insurance Corporation tabulation of 
cau ses of loss is presented in Fig. 10. Seventy-two percent of reported 
causes of loss are due to drought. Most drought loss are due to adverse 
temperature and precipitation. Predictions of losses from other causes 
I isted in Fig. 10 would be practically impossible because of insufficient 
means to predict frequency of occurrence. 
IPersonal correspondence from W. H. Poppe, Manager Crop-Hail Dept., 
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Figure 10. Causes of losses and percentage due t o each fac t or 
as reported by Federal Crop Insurance Corporation, for a 20-year 
period, for Ellis County, Kansas. 
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SUMMARY 
A study of the factors of climate and their relation to wheat and 
short grass yields was conducted at Hays, Kansas. Statistical correla-
tions were made between the elements of the climate and wheat and short 
grass yields, also correlations between temperature and precipitation of 
the climate. A 22-year period was used for forecasting short grass yie lds 
and a 30-year period for wheat. 
September temperature, spring temperature and spring precipitation, 
all showed a significa nt correlation when compared statistically to short 
grass yields. September temperature was the only element of fall climate 
that showed a significant amount of correlation when compared to the 
following year's grass yields. September temperatures can accurately be 
used to forecast average short grass production nearly a year prior to 
harvesting. 
Spring temperature and spring precip i tation accounted for 75 percent 
of the variability in short grass yields. 
Whe n comparing September and May soil moisture data to short grass 
yields, no correlation existed in the study at Hays , Kansas. 
A highly significant negative correlation existed between temperature 
and precipitation at Hays, Kansas; as temperature increases precipitation 
decreases. 
Spring temperature, fall precipitation and September precipitation, 
all showed a significant correlation when compared statistically with 
wheat production. 
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Fall precipitation, approximately at the time of planting, can accurately 
be used to forecast average wheat production. The time of the year that 
precipitation falls is a critical factor in the growth and yield of wheat. 
Frequency of hail is influenced mostly by elevation, and, whenever it 
rains in western Kansas after May 1st to 15th, hail usually accompanies 
the rain. 
Forty-seven percent of the variability in wheat yields was accounted 
for in t he present study. 
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